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ABSTRACT

The varicus classes of manned flyby trips
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and Mars are surveyed to nresent class description

conparisons of mass-in-tarth-orbit reguirements,

and trip duration.
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Introduction

Manned flyby triuvs to Mars
receiving widespread - attention as probable

sequence of events leading to manned explo
within the next two decadges. This memoran
classes of flyuy missions, and presenis-—--m

a comparison of thc,mass_r“gquﬂmclts,
trip durations of representative missions
planctary flyoys in the 1970's.-- ----

lau

Deseriptior

There are two basic classcs of s
orie of which has subclasses of-practical s
symmetlric class missions depart and arrive
occupies the same haliocentric.position Iin
which yields integral-yecar trif &

i<
constraints on mission plenning. The
]lMliLHg cascs of
sidercd here.

The svn

metric class missions are
durations and are subclassed as high-- and
High--energy nissions are characterized by
trajectory arhelion and veri-planct passag
Sun-plancl line, either in front of (light
planet (darkside passage). Wide variation
mission year exist for lightside and dariks
orbitl is rclatively eccentric,: beczuse lar
aphelion of the t . Mars
other hand, pass and p1
Favtja orth veflo:r h.
adjusced to allow HeliNess
I;qque less mess it ot
missions. Theseg i entia

period ortilt

and Venus

1 1N<C .
the symmetlric-class of mis

-

are currently
missions in the
ration of those planets
durni dCSbP]b”‘ fhe vzrious
ainly in graphic Jorm---
nch opportunities, and
of various classes of
ingle-plancet {lyby mission:
ignificence. The non-
Farth at times when karth
space, & characteristic
but which zlso places
also be thouzht of 22
issions, which is con-
of fractional year
low-ecnersy missions.,
near coincidence of the
e point with a point on the
side passage) or behind the
s in mass requirements witl
ide flybys of lars, whose
s 1s encountered near
twilizgnt missions, on theo
rocced well beyond the
Tne trajectories can be
pit depariurcs and, honce,
nzn the high-eonoerzgy tipe
1ly a periturtad two-year
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Ovtimum Uw T v of
from 640 to 685 duys from 580 to 650
days and darkside i to 545 days.
However, thore exist siors that reuui
about’oqﬁ year durati o type flybys, tha
cut inside of Venus' o the and encounter
Mars on the inbound segnent.  The csentially a one
period orbit s]JunLWV perturbed b mter, and both
arrival and departure from Earth' 11y non-tangential

Since the orbits of Venus and Earth arce nearly circulzr,
there is Jittle varliation in Venus flyby requirements with mission

ear, and only one case -is presented.
>

Wide variation in trip time is found in dual planet

o
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Flybys to Venus and lars in 1972 and 1978, during which years lars
is encountered near perihelion and aphelion, respectively; howsvor,
mass requircments are found to vary conly slightly. Although only
cases for 1972 ana 39/8 are presented, dual planct flyby mission
during intermcdiate ycarc are not p“ﬁfJLdCd, but it should be

kept in mind that there exists 1ittle data rcgarding such missions,

and conclusions reached should be tempered accordinzly.
of represecntative mission profiles are found in Fjgs. 1 and 2.
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Mission profiles and Vehicle Para weiers

Free-rcturr Lragncto
considered, and it is assuncd
ol a ulngle impulse propulsive n

s are the cnly trajectories .
be alttained hy nmean
from a 100-nmi Farth orbit
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performed by a single stage chou cal system (1 = .91, an = 450 so
The trajectories are perturbed by close-apouroaches to the flyby pj
(outside the planct's atmosphere) so that Farth is eoncounterod at
the pronﬂr time on Farth's orbit. Aerodynsmic cepture and braling
from speceds of 50,000 ft/sce or less is assumced with retro-thrust
capability to 50, OOO f't/sec provided, if necessary, by means of a
storable chemical propulsion system having a mass-—-fraction of 0.865

and Iq) = 300 seconds.
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A recovery weight of 10,000 lbs
o D 3
heat-shield weighing betweon 84,000 end 5,071 Jb
) ) > 2
entry volocity) is added. The mission m>cw1( Lo
90,000 lbs, and a 50 1b/c¢zy rate of exponds
probe welgnis or excursion module welght o
¥ . - - : . 3T s N ‘ -
Heat - thela wergqt: are determined In zcecordance witn TRW-87
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The 1679 lLizrs U
noninal referencs mission
mass basis of h71,4G0 1bs
used in the mass calculat
comparing nass rcquirenen 1
values of mass required 1 Y o] 1
accurate launch vehicle reguirements. .

Mass Calculatlions and Data Considerations

The trajectory data representing ootjnun launch :
opportunities for the various classes 01 missions and mission year
was taken from Reference 1. The ilmpulsive departure velocities
givo tere adjusted to correspond to departures from a 100-nm .
parking orbit. The ideal velocities of errival and departure as wcll
as launch date, trip duration, and mass-in-FEarth-orpit required ar
listed in Table 1. Table 2 has included to provide a comparicon
between {lyby and orbiter : i ons in 1979 using identical
vehilcle paramcters Graviiy at Farth departure were accounted
for in the mass caWCuW?LLons ¥ rpolation of curves preparad
from integrated trajectory data. -Vo AV allowance was made Tor
midcourse corrections. '
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A comparison of mass reguirenents Tor the missions
considered is presented graphically in Pig. 3.
° o
Results : W

omparisons. shown in Fig. 3 suhnor“
crivtion regarding relative energ

iy BN

c
in Mission Class Das
ariations with miss

T

¢ ission year. It is noted that the Ln“
ars flyby missions are nov strongly aff cctr7 by miss
ire relatively econcmical, but thelir durations average
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The bonus feature of seeing two planels at rice
one is available, according Lo the limited data on oqa!~n]e et

flybys, and the short trip duration corresponding to the 1572 missicn
makes this trip quite attractive, if manned Mars nyhv mission de-
veloprient could be accelerated. to neat this time scale. Yor that
watter, if 1972-1973 missions are seriously co:ridsz- all classeos
of Lars flyb;c enter the .competition, and guidance cc ﬁofrahions
and 111 ation patterris tars nmight well be tne C:bc“*injng
Cri»e;g mission mode s&lecltion.
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